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(S) Polymeric film. 

(57) A multilayer film suitable for use as a drafting film comprises (i) a substrate layer of polymeric 
material, (iQ a lacquer layer of polymeric material different from that of the substrate, and (ifi) a 
toner-receptive layer containing a copolymer comprising styrene and/or a styrene derivative, and at 
least one ethylenically unsaturated comonomer copolymerisable therewith, the copolymer containing 
at least one free functional acid group. The toner-receptive layer preferably comprises an additional 
acrylic and/or methacryiic polymer to improve the ink-receptivity of the layer. 
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This invention relates to a polymeric film, and in particular to a multilayer polymeric film. 

It is known to produce rough surface films by th applicati n of a lacquer containing a finely divided par- 
ticulate material, as disci sed in British Patent Specification GB-A-1 059073. Th presence of particulate mate- 
rials in the surface region of the lacquer layer renders th film receptiv to marking with drafting instruments, 
5 such as pencils. However, such drafting films often have poor ink-take properties and therefore it is usually 
necessary to apply an additional ink-receptive layer over the lacquer layer. The ink-receptive layersuitably com- 
prises any polymeric or copolymeric material which is capable of firmly retaining ink markings, such as polyvinyl 
butyral, polyvinyl alcohol or polyvinyl acetate. The aforementioned films are also used in photocopying 
machines and there is a need therefore for these films to exhibit good toner adhesion. Unfortunately, prior art 
10 drafting fims which have good pencil- and ink-receptivity have poor toner adhesion. We have now surprisingly 
devised a multilayer film which is suitable for use as a drafting film and which exhibits excellent toner adhesion. 

Accordingly, the present invention provides a multilayer film comprising a substrate layer of polymeric ma- 
terial having on at least one surface thereof a lacquer layer of polymeric material different from that of the sub- 
strate, the remote surface of said lacquer layer having a toner-receptive layer, wherein the toner-receptive layer 
15 comprises a copolymer comprising styrene and/or a styrene derivative, and at least one ethylenically unsatu- 
rated comonomer copolymerisable therewith, the copolymer containing at least one free functional acid group. 

The invention also provides a method of producing a multilayerfilm by forming a substrate layer of polymeric 
material, applying to at least one surface thereof a lacquer layer of polymeric material different from that of the 
substrate, and applying to the remote surface of said lacquer layer a toner-receptive layer, wherein the toner- 
20 receptive layer comprises a wpolyrner comprisings ty rene and/or a styrene derivative, and at least one ethylene 
caily unsaturated comonomer copolymerisable therewith, the copolymer containing at least one free functional 
acid group. 

A substrate for use in the production of a multilayer fOm according to the invention suitably comprises any 
polymeric material capable of forming a self-supporting opaque, or preferably transparent, film or sheet 
25 By a "setf-supporting film or sheet" is meant a film or sheet capable of Independent existence in the absence 

of a supporting base. 

Suitable thermoplastics materials for use in the production of a substrate include a cellulose ester, eg cel- 
Jufoseacetate, polystyrene, a p olymer and co polymer of vinyl chloride, p olysul phone, a homopolymer or 
copolymer of a 1-olefine, suc h as e tnyterrerpropyiene ana but-1 -ene, a polyamide, a poiycaroonaie, ana, par r ~ 
30 ticulariy, a synthetic li near fpoly esfeKwhic K may be Obtained by_conden sing o ne or rrforerglcarbcj cylic acids o r 
their lower alkyf(up to 6 carboprattSms) diesters, eg terephthalic acid, isophthalic acid, phthalic acid, 2,5- 2,6- 
or 2.7-naphthaienedicarboxylic acid, succinic acid, sebacic acid, adipic acid, azelaic acid, 4,4'-diphenyidicar- 
boxylic acid, hexahydroterephthalic acid or 1 ,2-bis-p-carboxyphenoxyethane (optionally with a monocarboxytic 
acid, such as prvalic acid) with one or more glycols, particularly an aliphatic gly col, eg e thylene glycol, 1,3-pro- 
35 panedioJ, 1,4-butanedio), neopentyl glycol and 1,4-cyclohexanedimethanol. A^oly ethylene terephthalate film 
is particularly preferred, especially such a film which has been biaxiaJJy oriented Bysequential stretching in two 
mutually perpendicular directions, typically at a temperature in the range 70 to 125°, and preferably heat set, 
typically at a temperature in the range 1 50 to 250°, for example as described in GB-A-838708. 

The substrate may also comprise a polyaryiether or thio analogue thereof, particularly a pdyarylether- 
40 ketone, polyaryleth ersulphone, poi^ar yletheretherketone . polyaryletherethersulph one. or a"copol ymeLJQE 
Sioanalogue thereof. Examples of these polymers are disdosedTrTLP-A-l o /§TEP-A-1 84458 and US-A- 
4008203, particularly suitable materials being those applied to films which are sold by ICI PLC under the Regis- 
tered Trade Mark STABAR. Blends of these polymers may also be employed. 

Suitable thermoset resin substrate materials include addition - polymerisation resins - such as acrylics, 
45 vinyls, bis-malehnides and unsaturated polyesters, formaldehyde condensate resins - such as condensates 
with urea, melamine or phenols, cyanate resins, f unctionalised polyesters, polyamides or polyimides. 

The polymeric film substrate for production o f a multilayerfilm according to the invention may be unoriented, 
or uniaxtally oriented, but is pT efbiablybtaxlallyoriented by drawing ih two mutually perpendicular directions 
' mme ptahe of the film to achieve alStisfactory combination of mechanical and physical properties. Simul- 
so taneous biaxial orientation may be effected by extruding a thermoplastics polymeric tube which is subsequently 
quenched, reheated and then expanded by internal gas pressure to induce transverse orientation, and with- 
drawn at a rate which will induce longitudinal orientation. Sequential stretching may be effected in a stenter 
process by extruding th thermoplastics substrate material as a flat xtrudate which is subs quently stretched 
Jjr^tiaimajiirjeGtief^ar^^ is pref rred to stretcfT 

55 firstly in the longitudinal direction, i th forward direction through the film stretching machine, and th n in the 
transverse direction. A stretch d substrate film may b , and preferably is, dimensi nally stabilised by heat-set- 
ting under dimensional restraint at a temp rature abov th glass transition temperature thereof. 

The substrate is suitably of a thickness from 25 to 300^articjuladyiriM IL50 to I TS^and especially from 50 
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to 125 um. 

Th lacqu rlay r of a film according to th inventi n comprises any suitable resin which is sufficiently adhe- 
renttoth substrate that its adhesion is n tw aken dordestroyedbytheabrasiv effectof drafting instruments 
drawn across its surface. Suitable resins may be ch sen from polyvinyl acetal resins, cop lymers of vinyliden 
5 chloride especially such copolymers with acryl nitrile, cellul sic esters and copolymers of acrylic and methac- 
rylic acid and glycidyl and lower alky! (up to six carbon atoms) esters of such acids, especially such acrylic and 
rnethacryiic copolymers that are capable of external or internal cross-linking, such as those containing cross- 
linkable functional groups, eg hydroxyl, carboxyl, amide, oxirane, amine, nitrile, epoxy and t rihydroxy silyl 
groups . 

10 ~ The lacquer layer preferably comprises one or more polyvinyl acetal resins. Polyvinyl acetal resins can be 
suitably prepared by reacting polyvinyl alcohols with aldehydes. Commercially available polyvinyl alcohols are 
generally prepared by hydrolysing polyvinyl acetate. Polyvinyl alcohols are usually classified as partially hyd- 
rolysed (comprising 15 to 30% polyvinyl acetate groups) and completely hydrolysed (comprising 0 to 5% polyvi- 
nyl acetate groups). Both types of polyvinyl alcohols, in a range of molecular weights, are used in producing 

15 commercially available polyvinyl acetal resins. The conditions of the acetal reaction and the concentration of 
the particular aldehyde and polyvinyl alcohol used will determine the proportions of hydroxyl groups, acetate 
groups and acetal groups present in the polyvinyl acetal resin. The hydroxyl, acetate and acetal groups are 
generally randomly distributed in the molecule. Suitable polyvinyl acetal resins include polyvinyl butyral, and 
preferably polyvinyl formal. 

20 The weight average molecular weight of the polyvinyl acetal resin can vary over a wide range, but is pref- 

erably from 5,000 to 1 00,000, and particularly from 1 0,000 to 70,000, and especially from 10,000 to 40,000. W 
The lacquer layer preferably additi onally comprisesfinely divid ed p^^^^tm\Bt\^^^^}he multilayer KJL ^ j 

film ofmeTnventio^^ usedas?dfaffing materiaTffi^partic^^ . ^ yvjh^Xi 

facel^ugi^ess-to^e WiHTSSin the im pressipnsotwrffing^^^ fl^^** 

25 such as pencDs , crayons and ink. " ~~ ~ 

The~fineJy^ivided particulate material may be selected from silica, silicates, ground glass, chalk, talc, 
diamotaceous earth, magnesium carbonate, zinc oxide, zircon ia, calcium carbonate and titanium dioxide. 
Finely divided silica is the preferred material for the production of drafting materials, together with which smaller 
quantities of the other materials may be incorporated, to obtain the required degree of translucency and to 

30 increase the toughness and mark resistance of the coating. Desirably, a filler, if employed in a lacquer layer, 
should be present in an amount of not exceeding 50% by weight of polymeric material, and the average particle 
size thereof should not exceed 15 urn, preferably less than 10 um, and especially from 0.1 to 5 urn. 

The lacquer layer is preferably applied to the polymeric film substrate as a solution in an organic solvent 
by any suitable conventional technique such as dip coating, bead coating, reverse roller coating or slot coating. 

35 The resin coating medium of the lacquer layer may be applied before, during or after the stretching oper- 
ation in the production of an oriented film. The lacquer layer coating medium may, for example, be applied to 
the film su bstrate between the two stages (longitudinal and transverse) of a thermoplastics film biaxial stretching 
operation. Such a sequence of stretching and coating is suitable for the production of a coated linear polyester 
film substrate, such as a coated polyethylene terephthalate fflm, which is preferably firstly stretched in the lon- 

40 gitudinal direction over a series of rotating rollers, coated with the lacquer layer, and then stretched transversely 
in a stenter oven, preferably followed by heat setting. The lacquer layer is preferably applied after the stretching 
operation, particularly to a biaxially oriented film substrate, such as polyethylene terephthalate. 

A preferred lacquer layer comprises a polyvinyl formal resin comprising approximately 5.0 to 6.5% hydroxyl 
content (expressed as % polyvinyl alcohol), approximately 9.5 to 13% acetate content (expressed as % pcrfyvh 

45 nyl acetate), and the balance ie to 100%, being formal content (expressed as % polyvinyl formal). The weight 
average molecular weight of the polyvinyl formal resin is preferably from 10,000 to 40,000. 

The ratio of substrate to lacquer layersftjdkness^may vary within a wide range, although the thickness of 
the lacquer layer preferably should not be less tha n 5% nor greater than 20% of that of me.substrate .ln practice, 
the thickness of the lac quer layer is desirably at least 2,um^preferab!y 3 imLanolpreferaM 

so exc eed abou t 20 uma nd preferabj yJ5.^m. 

"Prior ta deposiSonof the lacquer layer onto the polymeric substrate the exposed surface thereof may, if 
desired, be subjected to a chemical or physical surface-modifying treatment to improve the bond between that 
surface and the subsequently applied lacquer resin layer. A preferred treatment because of its simplicity and 
effectiveness, which is particularly suitable for the treatm nt of a polyolefin substrate, is to subject the exposed 

55 surface of th substrate to a high voltag el ctrical stress accompanied by c rona discharg . Alternatively, the 
substrate may be subjected to flame treatment or ultra-violet light. The pretreatment may involve coating the 
film surface with an ag nt known in th art to hav a solv nt, sw Hing or oxidising action on the substrate 
polym r. When th substrate f3m is a linear polyester, such as polyethyl ne terephthalate, th pretreatment 
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may irrv fve the application to the film surface of a material having a swelling or solvent action upon th film, 
eg a solution in a common organic solvent such as acetone r m thanol of p^hloro-m-cresol, 2,4-dichlorophe- 
nol, 2,4,6-or 2,4,5-trichlorophenol or 4-chlororesorcinol, or a mixture of such materials in a common organic 
sdv nt If desired, the pretreating solution may contain a polymeric component, eg a copolym r of vinyl chlorid 

s and vinyl acetate, especially a copolymer comprising approximately 90 wt % of vinyl chloride and 4 wt % vinyl 
acetate with a hydroxyl content of 2.3 wt %. After such a solution has been applied to the film surface it may 
be dried at an elevated temperature for a few minutes before applying the lacquer layer. 

Alternatively, the substrate may be coated with an adhesion-promoting layer to which the lacquer layer may 
be applied. Suitable layers include polymers and copolymers of acrylic and methacrylic acids and their esters, 

10 and copolymers of vinylidene chloride. A particularly preferred adherent layer comprises a polyester resin con- 
taining free sulphonate groups as described in our copending GB Patent Application No 8922693.0, which is 
incorporated herein by reference. Suitable sulphonated polycarboxylic acids for incorporation into the polyester 
resin include the ammonium and alkali metal, particularly sodium, salts of 4-sulphophthalic acid, 5-sulpho-iso- 
phthalic acid and sulphoterephthalic acid, or the acid anhydrides or lower alkyl (up to 10 carbon atoms) esters 

15 thereof. Unsulphonated polycarboxylic acids suitable for incorporation into the polyester resin include phthalic 
acid, isophthalic acid, terephthalic acid, cyclohexane-1 ,4-dicarboxylic acid, adipic acid, sebacic acid, trimelfitic 
acid and itaconic acid, or the acid anhydrides or lower alkyl (up to 10 carbon atoms) esters thereof. Suitable 
poiyhydric alcohols for incorporation into the polyester resin include aliphatic and cycloaliphatic alkylene 
glycols, such as ethylene glycol, 1 ,2-propylene glycol, neopentyi glycol, cyclohexane-1 ,4-dimethanol and 1,3- 

20 propane dioi, and particularly aliphatic alkylene-oxy-glycols, such as diethylene glycol. 

The concentration of the unsulphonated, preferably aromatic, p olycarboxylic component in the pol yester - , 
rjes m is preferabl y.wj tfrin a range of from 60 to 98 mole %, m ore Prefejbly from 80 to 98 mole % and particularly 
from 88 to 94 mole %. of the total acjd|cjoqmponents of the resi n, while the sul ph^ic^c[dj;omponent is^ pref- 
eraWy present in a concentratiorToTm^ 

25 to 12 mole % , of the total acidic components of the resin. The poiyhydric alcohol is correspondingly present in 
a stoichtometrically equivalent amount of approximately 100 mole %. A preferred polyester resin comprises resi- 
dues of isophthalic acid, a sulphonic acid derivative of isophthalic and/or terephthalic acid, and diethylene 
glycol. 

The polyester resin may additionally comprise at least one aliphatic or cycloaliphatic dicarboxylic acid, such 
30 as cyclohexane-1 ,4-dicarboxylic acid, adipic acid, sebacic acid, trimeliitic acid or itaconic acid, or polyester- 
forming equivalents thereof. The optional aliphatic or cycloaliphatic dicarboxylic acid components may be pre- 
sent in an amount of up to about 38 mole %, preferably from 0 to 6 mole %, of the total acidic components of 
the polyester resin. 

If desired, and preferably, the polyester resin may be c ross-linked t o improve its durabBity, hardness, cohe- 
35 sive strength and adhesion to the substrate, resistance to attack by solvents, and particularly to prevent blocking 
of the flm. The cross-linking agent may comprise up to 1 00%, and preferably greater than 30% and less than 
80%, and particularly from 40 to 75%, especially 45 to 55% by weight of the sulphonated polyester resin. 

The polyester resin coating medium may be applied to an already oriente d Jilm.subsftate,- such as a 
polyimide film. However, application of the coating medium is preferably effected before or during the stretching 
40 operation, and particularly between the two stages (longitudinal and transverse) of a thermoplastics film bia xial 
stretching operation^ 

■ The toner-receptive layer of the present invention is applied over the lacquer layer to improve the suscep- 
tibility of the film to toner markings. 

The toner-receptive layer comprises a styrene a npTor-styjgj pe- deriv a fa ^ to 
45 asjastvrene oopd vrnertwhich contains afleasTonefe 

in the polymerisation reaction by which the copolymer is formed. ^™* = "~ " - - 

The styrene copolymers which are used in the toner-receptive layer according to this invention are generally 
water-insoIuble.____^. - , 

Styrene derivatives suitable for the production of the toner-receptive copolymer preferably comprise chloro 
so styrene, hydroxy styrene and alkylated styrenes, wherein the alkyl group contains from one to ten carbon atoms. 
Styrene derivative comonomers can be employed to provide the copolymer with at least one free functional 
acid group, for example, small co polymerised proportions of a styrene derivative comprising at least one free, 
functional sulphonic acid group. Such copolymers may contain at least one ther non-sulphonated styrene . 
and/or styren derivativ . 

55 Copolymers of styren and/or styren d rivatives comprise on or more th r ethyl nically unsaturated 
comonomers which are copolymerisabl therewith. Suitable comonom rs may be s lected from a, 0-unsatu- - 
rated carboxyfic acids, such as acrylic and methacrylic acids and th ir esters and amides, including alkyl esters 
in which the alkyl group contains up to ten carbon atoms, eg m thyl, tnyl, propyl, isopropyl, butyl, hexyl, heptyi, 
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n-octyl and 2-ethylh xvl aroup& butadi ne. acrv lonrtrile. vinyl esters, such as vinyl acetate, vinyl hloroac tate, 
vinyl benzoate, vinyl pyridine and vinyl chloride, vinylidene chlorid , mal ic acid and anhydride, and itaconic 
acid and anhydride. *~ " 

Ethylenically unsaturated comonomers can be employed to provide the free functi nal acid groups of the 
** g^ne B < ffpQ[ ym r. For example small copolymerised proportions o f acrylic acid, methacrylic acid, maleic aci d 
and particular ly ita conic acid eg up to abo ut 20 mole % may b e emptoye dwithout rendering the copcAym^w^ BT 
sol uble. The styrene copolymer preferably comprises 1 to 15, more preferably 3 to 10, and espe cially 4 to 6 
mole < C of comonomers comprising free functional acicfgroups. S uch copolymers may contain other effiytenj- 
callv. uDsaturated. comonomers which do not contain free functional acid groups. The free functional acid 
10 uroupspresent in jh e^styrgne^pdyr^ groups- 

A particularly preferred styrene copolymer is derived from Semonomers styre ne/butyl acrytate /jtaconjc^ 
acid, preferably in a ratio of 60 to 80:1 5 to 35:1 to 15, and especially 67 to 73:22 to 28:4 to 6 molejfe . 

Tf^tolieMB^ptrve layer preferably comprises an additional acrylic and/or methacrylic polymer (hereinaf- 
ter referred to as acrylic polymer), wh ich improves the receptivity of the layer to ink markings. Th e acrylic 
is polymer may be rxrfyaCTytfc3£id\ but preferably comprises an ester of acrylic acid or methacrylic acid, especially 
an alkyl ester where tfi&afkyr^roup contains up to ten carbon atoms such as methyl, e thyl, n-propyl, isopropyl. 
n-butyl, isobutyi, terbutyl, hexyl, 2-ethyl, hexyl, heptyl, and n-octyl. Copolymers deriveSTfrom an alkyl acrylate, 
especially ethyl acrylate, together with an alkyl methacrylate are preferred. Copolymers comprising an alkyl 
acrylate, eg ethyl acrylate or butyl acrylate, together with an alkyl methacrylate, eg methyl methacrylate are 
20 particularly preferred. 

Other comonomers which are suitable for use in the preparation of the acrylic polymer which may be 
copolymerised as optional additional comonomers together with, acrvtfca£itiNp r methacrylic acid or esters of 
the acids include acrylonitrfle, methacrylonitrile, halo-substituted acrylonitrile, halo-substituted methacryionit- 
rile, acrylamide, methacrytamide, IM-methyloI acrylamide, N-ethanol acrylamide, N-propanol acrylamide, N-me- 
25 thylol methacrylamide, N-ethanol methacrylamide, N-methyl acrylamide, N-tertiary butyl acrylamide, 
hydroxyethyl methacrylate, glycidyl acrylate, glycidyl methacrylate, dimethylamino ethyl methacrylate, itaconic 
acid, itaconic anhydride and half esters of itaconic acid. 

The adhesion of the acrvligjrolvmer layer to the lacquer layerj^ yj^.modified.by^ 
co monomers havinq„a^s^nkabl e,funcfenaLgroups in the comojnojrr^^ 
30 copolymer. Epoxy group-containing comonomers; such as glycidyl acrylate and glycidyl methacrylate, are 
effective in providing internal cross-linking within the acrylic layer and possibly lacquer layer. A comonomeric 
amount of 5 to 25 mole %, preferably 15 to 25 mole %, of glycidyl acrylate or glycidyl methacrylate is effective 

in j>roviding.ftied gsired ^ hesjojTjroperties. . , |M ~~ 

Other optional como1nomereTi3u^e^h^I esters such as vinyl acetate; vinyl chioroacetate and vinyl berwN 
(zoate, vinyl pyridine, vinyl chloride, vinylidene chloride, maleic acid, maleic anhydride, butadiene, styrene and j 
derivatives of styrene such as chloro styrene, hydroxy st yrene and abated styrengs. __ — 

?.styrenTcopolymer/a5^icpolymer ratio present in th^tbnePreoeptive layer is preferably 0.1 to 1 0:1 .0, 
more preferablyJ)£J^ 

s — ConventioTSTaa^itives may be included in the toner-receptive layer, eg adhesion promoters, such as a 
40 partially hydrolysed vinyl acetate/vinyl chloride copolymer optionally admixed with a chlorinated phenol, slip 
and particularly anti-static agents. A wide range of antistatic agents may be used, and particularly ammonium 
salts of styrene sulphonic acid. The concentration of the antistatic agent present in the final toner-receptive layer 
is pref erably 2 to 1 5, an d espea aHy,6.to~1 ■Q.wtQ 

7 If^esired.lhTtorier-ret^pnVecomposition may contain a cross-linking agent which functions to cross-link 
45 the polymers) thereby improving adhesion to the lacquer layer. Additionally, the cross-linking agent should 
preferably be capable of internal cross-linking in order to provide protection against solvent penetration. Suit- 
able cross-linking components may comprise epoxy resins, alkyd resins, amine derivatives such as^ 
hexamefooxymethyli me lamine, and/or condensation rxoducte of an amine,^ 
licethylene ureaTcyclic propylene urea, miou^BarQ^licethyleneJhiourea, alkyj melalrni^ 
so benzoguanamifiesTg^ a^aj^ 

A useful condensatioTTproffictfe ih^tfmelan^^ The condensation pjoducUnayj&tior^^ 

be aIko^iitod7The"c^^ to "25%-bywej^ 
of the polymer inthe-adherent c omposi tion. 

^A-catalysris^l§o-preferab1y employed to facilitate cross-linking. Preferred catalysts for cross-linking 
55 melamine formaldehyde includ ammonium chloride, ammonium nitrate, ammonium thiocyanate, ammonium 
dihydrogen ph sphate, ammonium sulphate, diammonium hydrog n phosphate, para toluene sulphonic acid, 
mal ic acid stabilised by reaction with a base, and m rpholinium para toluen sulphonate. 

Thetoner-receptiv layer is pref rably applied to the lacquer lay r as a dispersion orsoluti n in an aqueous, 
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or preferably organic solvent, eg m thanol, by any suitable conv ntional techniqu such as dip coating, bead 
coating, reverse roll r coating or slot coating. The ton r-receptive coating composition may be applied b fore, 
during or after the stretching operation in th production of an ori ntedfilmTh ton r-receptive lay r may, for 
example, be applied to the film substrate between the two stages (longitudinal and transverse) of a ttiermop- 
5 lastics film biaxial stretching operation. The toner-receptive layer is preferably applied after the film stretching 
operation. 

The ratio of substrate/lacquer layer/toner-receptive layer thickness may vary within avriderange. In prac- 
tice, the toner-receptive layer should be thm t (p^fer^^^^^^f\e^p more preferably^^^^^i and espe- 
cially 0.5 to 1.5 urn in thickness, so that the rough cf^ra5erfeti^oTtfie lacquer layer are not masked with the 
10 result that the receptrveness of the coated film to pencil markings is reduced. 

The layers of a multilayer film according to the invention may conveniently contain any of the additives con- 
ventionally employed in the manufacture of polymeric films. Thus, agents such as dyes, pigments, voiding 
agents, lubricants, anti-oxidants, anti-blocking agents, surface active agents, slip aids, gloss-improvers, pro- 
degradants, ultra-violet light stabilisers, viscosity modifiers and dispersion stabilisers may be incorporated in 
15 the substrate, lacquer, toner-receptive layers), and/or optional adhesion-promoting layers), as appropriate. 

The invention is illustrated by reference to the accompanying drawings in which : 

Figure 1 is a schematic sectional elevation, not to scale, of a multilayer film having a substrate, lacquer 
and toner^eceptive layers.^ —————— 

Figure 2 is a similar schematic elevation of a polymeric film with an additional adhesion-promoting layer 
20 in between the substrate and lacquer layer. 

Referring to Figure 1 of the drawings, the film comprises a polymeric substrate layer (1) having a lacquer 
layer (2) bonded to one surface (3) thereof, and a toner-receptive layer (4) bonded to the remote surface (5) 
of the lacquer layer. 

The film of Figure 2 further comprises an additional layer, an adhesion-promoting layer (6), in between the 
25 substrate (1) and the lacquer layer (2). 

The invention is further ilustrated by reference to the following examples. The tests used in the examples 
were as follows: 

Toner removal: 

30 

Measured using a "SELLOTAPE" adhesive tape adhesion test The coated film was passed through a 
Xerox 1 048 photocopier in order to adhere toner to the surface of the film. "SELLOTAPE" adhesive tape was 
evenly pressed onto toner-coated film and rapidly pulled off. Pressing on and pulling off of the tape was repeated 
7 times. The results are expressed as the amount of toner removed as a percentage of the toner initially on 
35 the film ie < 5% represents very good toner adhesion. 

Toner lift 

Film was treated with toner, as described for the toner removal test , and creased. The maximum width of 
40 the line resulting from the crease was measured. A line of maximum width less than 0.5 mm indicates acceptable 
low toner lift, whilst a width of 0.3 mm or less is preferred. 

Ink removal: 

45 A 1 cm Robing Standard ink square was drawn on the film surface and allowed to dry at room temperature 
for more than 3 hours. "SELLOTAPE" adhesive tape was applied over the ink and removed. The application 
and removal of the tape was repeated 9 times. The ink removal is expressed as the percentage of the ink square 
removed after 10 applications of the adhesive tape. 

50 Example 1 

A polyethylene terephthalate fflm was melt extruded, cast onto a cooled rotating drum and stretched in the 
direction of extrusion to approximat ly 3 times its original dimensi ns. The film was passed into a stenter v n, 
where the film was stretched in the sideways direction to approximately 3 times its original dim nsions. Th 
55 biaxially stretched coated film was heat s t at a temperature of ab ut 220°C by conventional means. Final film 
thickness was 100 um. 

Th biaxially oriented polyethylene terephthalate film was coated on both sid s with a priming mixture of 
the following components: 
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p-Chloro-m-cresol 



3.75 g 



10 



VAGH 

(copolymer of vinyl chloride/vinyl acetate 
in a ratio of 90:4 wt Z, having a 2.3 wt Z 
hydroxy 1 content, and a weight average 
molecular weight of 23,000 
- supplied by Union Carbide) 



0.75 g 



15 



25 



Acetone - added to give a final volume of - 



100 ml 



After coating, the film was dried in a hot air oven maintained at 1 00°C to yield a film having a dry coat thick- 
ness for each primer layer of approximately 0.2 jun. 

The pre-treated polyethylene terephthalate film was then coated on both sides with a lacquer composition 
20 comprising the following components: 



TRIKLONE 

( Tr ichl or ©ethylene 
- supplied by 1CI) 



605.7 ml 



Methanol 



75.7 ml 



30 



35 



Diacetone alcohol 
FOEMVAR 15/95E 

(Polyvinyl formal resin, 68. 5Z solids 
- supplied by Monsanto) 



64.4 ml 
90 g 



40 



RCR3 

(Titanium dioxide 

- supplied by Tioxide) 



1.6 g 



45 



50 



55 



SYLOID 244 10 g 

(Silica of average particle size 2jim (determined 
by Coulter Counter), 7.3Z solids 

- supplied by Grace Chemicals) 

GAS XL 200 DF 30 g 

(Silica of average particle size 4.6pm (determined 
by Malvern) f 22. 8Z solids 

- supplied by Crossfield Chemicals) 
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The coated film was dried at 100 to 120°C, and th combined dry coat w ight of the two lacquer lay rs 
was approximately 155 mgdnr 2 . The thickness of each lacquer layer was approximately 7 to 9 urn. 

The lacquer lay r coated film was additionally coated on both sides with a toner-receptiv composition com- 
prising th following components: 

5 

Styrene /butyl acrylate/itaconic acid 10 ml 

copolymer in a ratio of 70:25:5 mole Z, 
10 25 Z solids 

Methanol 300 ml 

15 The coated films were dried at 100°C, and the dry coat thickness of each toner-receptive layer was less 
than 1 um. 

The toner removal and toner lift properties of the above coated film were assessed, as described above, 
with the results given in Table 1. 

20 Example 2 

This Is a comparative Example not according to the invention. The procedure in Example 1 was repeated 
except that the toner-receptive layer coating stage was omitted. 

The lacquer layer coated film was assessed for toner removal and toner lift properties and the results are 
25 given in Table 1. 

The coated film was also assessed for ink removal properties and the results are given in Table 2. 
Example 3 

39 The procedure of Example 1 was repeated except that the toner-receptive composition additionally com- 
prised 1.3 ml of VERSA TL 125 (30% solids, supplied by National Starch and Chemical Ltd, UK). VERSA TL 
125 is an antistatic agent and comprises an ammonium salt of styrene sulphonic acid. 

The toner removal and toner lift properties of the coated film were assessed and the results are given in 
Table 1. 

35 

Example 4 

The procedure of Example 1 was repeated except that instead of using the priming mixture containing 
VAGH the biaxially oriented polyethylene terephthalate film was coated on both sides with an aqueous compo- 

40 srb'on containing the following components: 
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15 



20 



25 



EASTMAN WD Size 417 ml 

(a 30Z by weight aqueous dispersion of a 
polyester of isophthalic acid, 
sulphoisophthalic acid and diethylene glycol) 

LUDOX TM 4 g 

(a 50Z by weight aqueous dispersion of 
colloidal silica of mean particle size 22 ma 

- supplied by Du Font) 

SYNPERONIC N 16 g 

(a 27Z by weight aqueous solution of a 
nonyl phenol ethoxylated surfactant 

- supplied by ICX) 

CYMEL 300 625 ml 

(a 10Z by weight aqueous mixture of 



me 1 amine formaldehyde resin) 

30 

Ammonium p- toluene sul phonic acid 125 ml 

(a 10Z by weight aqueous solution) 

35 

Water-added to give a coating composition of total volume 2.5 litres. 

The pH of the composition was adjusted to approximately 8.5 to 9.5 by the addition of ammonia, before 
the addition of the LUDOX TM colloidal silica 

The polyethylene terephthaiate fim was coated to give a wet coating thickness of approximately 3 urn on 
40 each side. 

The pre-treated polyethylene terephthaiate was then coated with the lacquer and toner-receptive layers 
as described in Example 1. 

The coated film was assessed for toner removal and toner lift properties and the results are given in Table 

1. 

45 

Example 5 

The procedure of Example 1 was repeated except that the toner-receptive composition additionally com- 
prised the following component 

50 

VISCALEX PL30 6 ml 

(an acrylic copolymer, 30Z solids 
- supplied by Allied Colloids) 

55 

The coated film was assessed for ton r removal and toner lift properties and the results are giv n in Table 

1. 

9 
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The coated film was also assessed for ink removal prop rties and the results are given in Table 2. 
Example 6 

5 A polyethylene terephthalate film was melt extruded, cast onto a cooled rotating drum and stretched in the 

direction of the extrusion to approximately 3 times its original dimensions. The film was then coated on one 
side with a pre-treating mixture of the following components: 



10 



15 



An aqueous solution comprising an aqueous 454 ml 

latex of methyl methacrylate / ethyl acrylate 
/ methacrylamide in a ratio of 46:46:8 weight Z 

and methoxylated melamine formaldehyde. (This 
solution had a solids content of 14 Z). 

20 SYNPERONIC N 6 ml 

(a 27Z by weight aqueous solution of a 

nonyl phenol ethoxylated surfactant 
25 - supplied by ICI) 

Aqueous ammonium nitrate solution (35 w/wZ) 5 ml 

X The balance of the composition was demineralised water to give a total volume of 2.1 2 litres 

After this coating, the film was passed into a stenter oven, where the film was stretched in the sideways 
direction to approximately 3 times its original dimensions. The film was then heat set at a temperature of about 
230°C by conventional means to provide a film thickness of 100 with a primer layer thickness of approxim- 
ately 0.02 urn. 

35 The pre-treated polyethylene terephthalate film was coated on the primer layer side with a lacquer compo- 
sition comprising the following components: 
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DYNOMXN MB-98-E 

(a glyc 1 uryl-supplied by Dyno Cyanamid) 



1.0 Ag 

(5Z by weight 
bas d on VAGF) 



10 



Magnesium Bromide 



0.235g 
(10Z by weight 
based on DYNOMIN) 



15 



20 



VAGF 

(a copolymer of vinyl chloride /vinyl acetate 
in a ratio of 81:4 Z by weight v having a 1.8Z by 
weight hydroxy 1 content - supplied 
by Union Carbide) 

GASIL 200 DF 



20g 



10g 



25 



(silica of average particle size 4.6jun (determined 

by Malvern) 9 22. 8Z solids 

- supplied by Crossfield Chemicals) 



30 RTC 90 

(titanium dioxide - supplied by Tioxide) 



0.2g 



35 



TIXOGEL 

(a thixotropic and anti-settling agent 
- supplied by Sud-Chemie) 



lg 



40 



Methylethylketone 



145 ml 



The coated film was dried at 100 to 120°C, and the combined dry coat weight of the two lacquer layers 
was approximately 155 mgdnr 2 . The thickness of each lacquer layer was approximately 7 to 9 urn. 
45 The lacquer layer coated fUm was coated on both sides with a toner-receptive composition comprising the 
following components: 
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Styrene /butyl acrylate/itaconic acid copolymer 10 ml 

In a ratio of 70:25:5 mole Z, 25 Z solids 

Methanol 300 ml 

VTSCALEX PL30 6 ml 

(an acrylic copolymer, 30Z solids 

- supplied by Allied Colloids) 

15 VERSA TL 125 1.3 ml 

(an antistatic agent comprising an ammonium 
salt of styrene sul phonic acid (30Z solids) 

- supplied by National Starch and Chemical Ltd, UK) 

The coated films were dried at 100°C, and the dry coat thickness of each toner-receptive layer was less 
than 1 |im. 

The toner removal and toner lift properties of the above coated film were assessed, as described above, 
25 with the results given in Table 1 . 

Example 7 

The procedure of Example 1 was repeated except that the toner-receptive composition comprised the fol- 
ao lowing components: 

Styrene/butyl acrylate/itaconic acid copolymer 10 ml 

in a ratio of 70:25:5 mole Z, 25 Z solids 

35 

Methanol 300 ml 

VISCALEX PL30 6 ml 

40 

(an acrylic copolymer, 30Z solids 

- supplied by Allied Colloids) 

45 VERSA TL 125 1.3 ml 

(an antistatic agent comprising an ammonium 
salt of styrene sulphonic acid (30Z solids) 

- supplied by National Starch and Chemical Ltd, UK) 



so 



55 



1. 



The coated film was assessed for toner removal and toner lift properties and the results are given in Table 
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TABLE 1 



EXAMPLE NO 



TONER REMOVAL 
Z 



TONER LIFT 
Maximum Width in mm 



10 



Z (Comparative) 



< 5Z 



> 95Z 



0.3 



> 1 



15 



25Z 



0.3 



< SZ 



0.3 



20 



< 5Z 



0.3 



<10Z 



0.8 



25 



<10Z 



0.7 



30 



TABLE 2 



35 



EXAMPLE NO 



INK REMOVAL 
1 



Z (Comparative) 



> 95Z 



40 



< 5Z 



The above examples illustrate the improved properties of multilayer films of the present invention. 



45 
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Claims 

1. A multilayer film comprising a substrate layer of polymeric material having on at least one surface thereof 
a lacquer layer of polymeric material different from that of the substrate, the remote surface of said lacquer 
layer having a toner-receptive layer, characterised in that the toner-receptive layer comprises a copolymer 
comprising styrene and/or a styrene derivative, and at least one ethytenically unsaturated comonomer 
copolymerisable therewith, the copolymer containing at least one free functional acid group. 

2. A multilayerfilm according to claim 1wh rein the at least n fine functional acid group is a carboxyi group. 

3. A multilayerfilm according to ither neof claims 1 and2wh reinmeatleastoneethylenicallyuiisaturated 
comonomer is selected from acrylic acid, methacrylic acid, maleic acid and itaconic acid. 
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4. A multilayerfDm according to anyone ftheprec ding claims wherein the ton r-receptive lay radditionally 
comprises an acrylic and/or methacryf ic polymer. 

5. A multilayer film according to any one of th preceding claims wherein th lacquer layer comprises a polyvi- 
5 nyl acetal resin. 

& A multilayer film according to claim 5 wherein the polyvinyl acetal resin comprises polyvinyl formal. 

7. A multilayer film according to any one of the preceding claims wherein the lacquer layer comprises filler 
10 particles having an average particle size of 0.1 to 5 jim. 

8. A multilayer film according to any one of the preceding claims wherein an additional adhesion-promoting 
layer is present between the substrate and lacquer layer, said adhesion-promoting layer comprising a 
polyester resin containing free sulphonate groups. 

15 

9. A multilayer film according to any one of the preceding claims wherein the substrate comprises a biaxially 
oriented film of polyethylene terephthalate. 

10. A method of producing a multilayer film by forming a substrate layer of polymeric material, applying to at 
20 least one surface thereof a lacquer layer of polymeric material different from thatof the substrate, and apply- 
ing to the remote surface of said lacquer layer a toner-receptive layer, characterised in that the toner-recep- 
tive layer comprises a copolymer comprising styrene and/or a styrene derivative, and at least one 
ethylenically unsaturated comonomer copolymerisable therewith, the copolymer containing at least one 
free functional acid group. 

25 
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